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ABSTRACT 
Glasshouse studies were carried out to determine the effect of shading on the growth and partitioning of plant 
biomass in Paspalum conjugatum Berg. The invidual leaf rate expansion, final leaf are, specific leaf area, and the 
whole plant vegetative growth pattern, dry-matter production, leaf area as well as biomass partitioning were 
significantly influenced by shading. At the 75% level of shading, P. conjugatum produced the highest values of leaf 
weight ratio, specific leaf area and leaf area ratio. Individual leaf assessment revealed that shading 
significantly increased the final leaf area, duration of leaf expansion and specific leaf area. 
INTRODUCTION 
Weeds are often considered as very competitive plants. Weeds competing for light, 
water and nutrient have adverse effects on crop growth and yield. The availability of 
these resources influences the physiological, morphological and competitive responses 
of both weeds and crops. 
The effects of light on weed growth vary between species. Generally, these effects 
can be distinguished on the basis of their physiological characteristics. Among the common 
response of plants upon shading in general, are the alteration of leaf size (Bjorkman and 
Holmgren 1966), internode extension, number of branching (Vince-Pruce 1977) and 
stem elongation rate (Morgan and Smith 1981). 
Paspalum conjugatum Berg, is an important, stoloniferous creeping perennial weed 
in Malaysia and in many regions of Southeast Asia. It grows well in the moist, fertile soils of 
agricultural fields, roadsides and wastelands. P. conjugatum grows profusely in most 
estates such as rubber, oil palm, cocoa and coconut (Holm et al. 1977). It can tolerate, 
survive and grow under shade condition (Beetle 1974; Ward and Woolhouse 1986). P. 
conjugatum possesses several important characteristics 
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that enable it to interfere with crop growth: rapid growth with extensive stolon 
formation, early and profuse tillering, heavy seed production and readily rooting at most 
nodes whenever in contact with the soil surface. However, little information has been 
reported on the morphological and physiological response of P. conjugatum when exposed 
to different environmental conditions. The present study was conducted to determine 
the effects of shade on the growth of P. conjugatum in different shade levels. 
MATERIALS AND METHODS 
Plant materials and growing conditions 
Uniformed size seedlings of two leaf stage were transplanted into 10-cm 
diameter pots filled with John Innes No. 1 compost mixture. Watering was carried out 
daily and 15 ml of nutrient solution ( 7 : 7 : 7  NPK foliar fertilizer) was given twice a 
month. 
The temperature of the glasshouse was maintained at 30±40°C during the day and 
12±3°C at night. The plants were exposed to sunlight and supplemented with 12 hours of 
fluorescent white light each day. These plants were grown under three shade levels: 0% 
(control), 50% and 75%. Single and double layers of green nettings (Netlon, UK) were 
used to cover the cages to obtain 50% and 75% shade, respectively. The light intensities of 
the shading regimes were regularly checked with Skye Light meter (Skye Instrument 
Limited, UK). 
Harvesting and growth analysis 
Ten plants from each light regimes were used to determine weekly increments in plant 
height or length, leaf number, internode length, stolon and node numbers. 
The other group of plants were harvested at 35 and 42 days after transplanting to 
determine the leaf area and total dry weight (65°C, oven-dried). In addition, dry weights of 
plant parts were also determined on the 42nd-day of harvest. Dry-matter production and 
biomass allocation patterns of the three shade levels were compared using mathematical 
growth analysis techniques (Kvet et al. 1971; Patterson et al. 1979). Data from 42nd-day 
harvest were used to calculate leaf weight ratio, shoot weight ratio, specific leaf area 
and leaf area ratio. Calculation of dry-matter production, net assimilation rate and leaf 
area duration were based on 35th-day and 42nd-day harvests. 
All experiments were repeated twice and data were subjected to analysis of 
variance. Duncan's Multiple Range or Least Significant Difference (LSD) test was used to 
determine significant differences among the mean values for each treatment. 
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Growth of individual leaf 
The leaf shape was traced on a white paper and cut out with scissors. The area 
traced was taken as the leaf area and determined with an optomax tracer. Leaf 
measurements were made on alternate leaves, starting from the second leaf till the 
sixteenth leaf. Measurements were made at the time of leaf appearance, i.e. when the leaf 
was sufficiently distinct from the apical bud so that it could be measured without 
damaging the bud. The measurement was continued until the area remained constant after 
three successive readings. An example of the measurements on one plant is given in 
Figure 1. The individual leaf was finally harvested and oven dried at 65°C for 
determination of dry weight. 
Two sets of experiments were arranged in completely randomized blocks with ten 
replicates. Final leaf size, duration of leaf expansion, weighed mean growth rate and 
specific leaf area of each individual leaf were calculated and subjected to variance analysis. 
Means were compared using the LSD test. 
  
Figure 1.  Example of measurement of leaf area of individual leaves of P. conjugatum. Each number 
indicates leaf position. 
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RESULTS AND DISCUSSION 
The number of leaves recorded for P. conjugatum was significantly influenced by light 
intensity (Figure 2). Thus, plants at 0% shade had significantly more leaves than those 
provided with 50% and 75% shade. However, height of plants at 75% shade was 
significantly greater than those at 0% and 50% shade, 35 days after transplanting 
(Figure 3). The shortest plant height were all recorded at 0% shade. Reducing light 
intensity to 75% had significantly decreased the number of stolons (Figure 4). Plants at 0% 
shade produced more stolons as compared with those at 50% shade, 35 days after 
transplanting. Bjorkman (1968) and Ishimine etal. (1985) noted that reduced light levels to 
a certain degree would result in increased stem extension of Solidago virgaurea L. and 
height of vaseygrass (Paspalum urvillei Steud.), respectively. However, further 
reduction of light suppressed the plant growth. This pattern of growth was also reported 
by Soerjani (1970) and Moosavi and Dore (1979) in their work on Imperata cylindrica. 
Decreasing the light intensity tends to increase the total dry weight of P. conjugatum 
(Table 1). Plants grown under 0% shade produced the highest total dry weight, followed 
by 50% and 75% 
Figure 2. Effect of shading on leaf number of P. conjugatum. 
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Figure 3. Effect of shading on the height of P. conjugatum. 
Figure 4. Effect of shading on stolon number of P. conjugatum. 
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Table 1.  Effect of shading on vegetative growth, leaf area production and biomass allocation in P. 
conjugatum (42nd day harvest). 
shade levels. Total dry matter of three populations of cogon grass [Imperata 
Cylindrica (L.) Beauv.] decreased three fold at 56% of full sunlight and 20 fold at 11% of 
full sunlight (Patterson 1980b). Imperata cylindrica that grew with 11% of full sunlight 
had a leaf area ratio 2.5 times greater than those grown in full sunlight. 
The leaf area of the P. conjugatum increased correspondingly with increase in 
shade levels (Table 1). The highest leaf area was 433 cm
2
 from 50% shade, followed by 
344 cm
2
 from 75% and 274 cm
2
 from 0% shade. P. conjugatum is a C4 grass native to 
shaded habitats or shade tolerant species (Ward and Woolhouse 1986) which normally 
produced linear thin leaves. The highest value of leaf areas of plants from 50% shade was 
possibly due to a sufficient number of large leaves as compared with those from 75% 
shade. Leaves at 0% shade were reduced in size although the number exceeded from those 
in the other light regimes. The reduction in total leaf area with 75% shade may have 
resulted from a reduction in the leaves. 
Partitioning of plant biomass into roots and leaves differed significantly among the 
plants under the three shade levels. At 0% and 50% shade levels, the plants partitioned 
more biomass into roots and stems than the other two light regimes (Table 1). RWR 
(root weight ratio) and SWR (shoot weight ratio) were highest at 0% and 50% shade. 
Plants at 75% shade, partitioned most biomass as leaf area was also greatest in 75% 
shade, as indicated by their high specific leaf area and leaf area ratio values. The values 
differed significantly among the three shade levels. Plants at 75% shade had the highest 
leaf area ratio followed by those at 50% shade. Leaves produced under shade conditions 
were generally thinner than those produced in unshaded treatment (Blackman and Black 
1959). The concomitant increases in specific leaf area and leaf weight ratio resulted in 
substantial increases in the leaf area ratio which means that the amount of leaf area per 
unit of plant 
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weight was increased by shading. Morgan and Smith (1978) reported that the LAR 
increased by 38%, after 32 days in the shade treatment (15% sunlight) of Cyperus 
rotundus grown for 30 days compared with full sunlight conditions. Leaf area ratio and 
specific leaf area of Veronica chamaedrys, V. montana and V. offlcinalis were also 
increased at low radiance (Dale and Causton 1992). Increase in leaf area ratio with 
shading was an adaptation to low light at the whole-plant level because it reflected a 
greater allocation of plant biomass to photosynthetic tissue and a greater distribution of this 
tissue as light-intercepting structure in the form of the leaf area (Patterson 1980b). 
Analysis of the components of dry-matter production, net assimilation rate and 
leaf area duration at the three shade levels indicated that dry-matter production and net 
assimilation ratio showed the highest value at 0% and 50% shade for leaf area duration 
(Table 2). Leaf area duration significantly differed among the three shade levels. 
Table 2.  Effect of shading on dry-matter production, net assimilation rates, leaf area duration of P. 
conjugatum during the 35th-to-42nd-day interval. 
Shade 
 
DMP 
 
NAR 
 
LAD 
 level 
 
(g) 
 
(mg.cm2.day) 
 
(cm2. day) 
 
0% 
 
3.74a 
 
0.70a 
 
5443c 
 50% 
 
2.88ab 
 
0.32b 
 
8546a 
 75% 
 
1.42b 
 
0.21b 
 
6701 b 
 
Within each column, values sharing the same letter are not significantly different at 5% level, according to 
Duncan's multiple range test. 
In general, decreasing the light intensity tends to increase the final leaf areas (Figure 
5). The largest size of individual leaves was always found at 75% shade. Newton (1963) 
observed a similar trend as reduction in light significantly reduced the final areas of individual 
leaves of cucumber. The final areas of individual leaves in all treatments showed a 
characteristic variation with leaf position with an increase in size up to about leaf six. 
Final leaf sizes of different leaves across shading treatment were significantly different 
except for leaf 12 and 14 under 0% and 50% shade. Leaf areas were maximum at leaf 6 of 
plants at 75% and 50% shade while this was at least 4 of plants at 0% shade. Dennet et al. 
(1979) observed that the final leaf area increased with leaf position (numbered from 
the base) up to the 8th leaf of faba beans. A similar general pattern of variation in final leaf 
area with leaf position had been reported for sunflower (Yegappan et al. 1982), maize 
(Thiagarajah and Hunt 1982) and sugar beet (Milford et al. 1985). 
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Figure 5. Effect of shading on final leaf area of P. conjugatum. 
The duration of expansion increased significantly with increasing shade and 
decreased with increasing leaf number (Figure 6). Leaves at both 50% and 75% shade 
took a significantly longer period to reach their maximum size. Initially, the duration of 
expansion was increased with increasing leaf number but decreased after leaf 6 for 50% 
and 75% shade. The results revealed that leaves from higher shading particularly at the 
earlier growth stage needed longer time to reach their maturity. Much of the variations 
in final leaf area with leaf position or shade level were associated with changes in the 
weighed mean growth rate rather than with changes in the duration of expansion. Weighed 
mean growth tended to increase with decrease in light intensity (Figure 7). At 75% shade, 
the weighed mean growth rate was significantly higher than at 0% and 50% shade. 
Weighed mean growth rate reached a maximum of 1.3 cmVday for leaf 6 at 75% 
shade. 
The specific leaf area was significantly increased by increase in shade (Figure 8). For 
example, specific leaf area of leaves under 75% shade differed greatly compared with 
other shade treatments. Maximum specific leaf areas were 299, 318 and 334 for 0%, 
50% and 75% shade, respectively. It was also observed that the 
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Figure 6. Effect of shading on the duration of expansion of P. conjugatum leaves 
Figure 7. Effect of shading on weighed mean growth rate of P. conjugatum leaves 
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Figure 8. Effect of shading on specific leaf area P. conjugatum 
increase in a specific area depended on the leaf position that tended to decrease as the 
leaf number increased. Plants grown in shade typically have lower maximum 
photosynthetic rates than plants grown in full light condition. Patterson (1980a) 
showed that shaded plants normally have lower rates of dark respiration which result in 
conservation of the photosynthates produced. As a result of the lower respiration rates, 
shade-grown plants typically have a lower light compensation point, the light level at 
which respiratory carbon dioxide loss equals photosynthetic carbon dioxide uptake and 
no net carbon dioxide exchange occurs. 
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